Acquired memory initially depends on the hippocampus (HPC) for the process of cortical permanent memory formation. The mechanisms through which memory becomes progressively independent from the HPC remain unknown. In the HPC, adult neurogenesis has been described in many mammalian species, even at old ages.
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Since adult brain keeps going to generate neurons, newly-generated neurons may be used as a new strategy for CNS regeneration. It is however unknown whether maturation processes of the newly-generated neurons in the adult brain is same as those in the developing brain. In this talk I will introduce our recent findings about changes in the cytoskeletal properties and radiosensitivity of newly-generated neurons during their migration. It has been reported that drebrin E plays a role in the migration of melanoma cells. We have immunohistochemically demonstrated that newly-generated neurons in the adult rat brain express drebrin E during migration and that they switch the expression to a neuron-specific isoform drebrin A in parallel with cessation of migration. On the other hand, a microtubule-associated protein doublecortin, which also plays a role in neuronal migration, is observed in the newly-generated neurons at both of the migrating and post-migrating dendrite-growing stages. We have previously shown that x-irradiation induces apoptosis of neurons that do not complete the synaptogenesis, suggesting that radiosensitivity is related with their maturity in the early developmental stages. However, the radiosensitivity in the later developing stages is not yet known. We have recently developed the method for identification of the migrating and postmigratory neurons by immunocytochemsitry using drebrin antibody. By this method, we analyzed the radiosensitivity of newly-generated neurons at migration and further developed stages. Our data indicate that migrating neurons are more sensitive to x-irradiation in compared with postmigratory young neurons. It has been shown that distinct radiosensitivity for the cell viability between mature and immature cultured hippocampal neurons (Shirai et al., 2006) and that radiation produces synaptic structural defects in the irradiated developing cultures (Okamoto et al., 2009 ). However, the physiological effect of irradiation on the mature neurons remains unknown. In this study, we investigated the effects of x-irradiation on dendritic spines of the mature neurons. Primary hippocampal neurons were prepared from the hippocampi of fetal rats at embryonic day 18 and cultured at low density (5,000 / cm 2 ) for 21 days according to Banker's culture methods. To analyze morphology of the neurons, the cells were transfected with reporter plasmid for enhanced green fluorescent protein (GFP) at 7 days in vitro (DIV) using calcium-phosphate methods. At 21 DIV, the cultures were x-irradiated and were immediately fixed.
The morphology of dendritic spines of the GFP expressing neurons were analyzed fluorescence microscopically. Then, we analyzed accumulation of filamentous actin (F-actin), drebrin and PSD-95 in the dendritic spines by fluorescent immunocytochemistry. X-irradiation significantly decreased dendritic spine density (p < 0.05). The irradiation significantly increased the dendritic spine length (p < 0.05) and decreased the dendritic spine width (p < 0.05). These data suggest that x-irradiation induces morphological changes of the dendritic spines in the cultured hippocampal neurons. Moreover, the accumulation of F-actin, drebrin and PSD-95 in the dendritic spines was affected by x-irradition. This raises the possibility that abnormal morphology of the dendritic spines may contribute to synaptic dysfunction after irradiation. Lab.
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Diacylglycerol (DG) kinase (DGK) converts DG to phosphatidic acid (PA). Of ten subtypes of mammalian
DGKs, DGKis abundantly expressed in neurons including hippocampus and caudate-putamen. In addition, the control of splicing of the enzyme, which generates non-membrane bound variants differing at the C-terminus, is associated with mood disorders. However, its physiological role has not been elucidated. Therefore, we developed DGKKO mice and investigated their behavior. The KO mice showed impairment of LTP and memory, and lithium-sensitive behavioral abnormality. Primary cultured neurons from both hippocampus and cortex of the KO mice had less branches and spines, but overexpression of DGK rescued the morphological impairment. Consistent with this, Golgi silver staining confirmed lower spine density of the hippocampal and cortical neurons of the KO mice than WT, with decrease of PA and increase of DG. These results demonstrate that DGK  plays important roles in neuron-specific morphological change by regulating membrane lipids, contributing to cognitive and emotional process.
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Inhibitory effect of 5-HT 2A receptor activity on drebrin accumulation in dendritic spines Reiko T. Roppongi, Kenji Hanamura, Tomoaki Shirao.
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Dendritic spines are postsynaptic receptive regions of most excitatory synapses, and the functional and morphological changes of dendritic spines are characteristic feature associated with the synaptic plasticity.
It has been shown that NMDA-type glutamate receptor activation plays a pivotal role in the morphological plastic change of dendritic spines. However, the effect of other neuromodulators has not been elucidated. The 5-HT 2A receptor is involved in several psychiatric disorders, which are associated with the aberrations in dendritic spine morphogenesis. Since a serotonin signaling was suggested to modulate spine morphology of cortical synapses, we sought to examine in this study how 5-HT 2A receptor agonist (DOI) regulates the morphological plasticity of dendritic spines. We prepared hippocampal neuronal culture. In brief, hippocampi were dissected from embryonic 18-days-old Wistar rats. After the neurons were treated with DOI at the 21 day in vitro (DIV) for 15 min, they were fixed, double-immunostained with mouse anti-drebrin monoclonal antibody and rabbit anti-Synapsin I antibody, and visualized with the appropriate secondary antibodies. For some experiments, the neurons were pre-transfected with a GFP-expression vector at 7 DIV. Morphological analysis using GFP transfectants showed that DOI treatment did not affect the localization pattern of drebrin clusters in the neurons.
Quantitative analyses showed that the 5-HT 2A receptor activation by DOI resulted in the decrease of drebrin cluster number. Since drebrin is known to play a pivotal role in morphological change of dendritic spines, these data suggest that 5-HT 2A receptor activity is involved in the regulatory mechanism for morphological plasticity of dendritic spines. An experimental paradigm, utilize the radiation technology is proposed to investigate neuronal plasticity during development. Monocular deprivation during early postnatal life induces drastic changes in functional and anatomical structures in the visual cortex (ocular dominance plasticity, OD plasticity). In order to study the OD plasticity in abnormally developed visual cortex, methylazoxymethanol (MAM) was used for cortical target ablation. The cerebral cortex is constituted inside-out manner, so it is possible to eliminate a group of neurons that will be migrate into a particular layer by the timing control injection of MAM. In order to investigate the OD plasticity, an activity mapping method was developed. By the immunohistochemistry, using c-fos as an activity maker, the OD plasticity was successfully measured (i.e. decrease and increase in the number of immunopositive neurons, depending on which eye was stimulated). It was found that effects of monocular deprivation were most significantly induced in the layer IV of ipsi-lateral visual cortex to the stimulated eye. In MAM-treated rats (injection at E15 or E18), supra-granular layers were found to be affected. Intriguingly, monocular deprivation for one week was found to induce the ocular dominance changes, which are comparable to those found in normal rats. These results indicate that plasticity during development is high irrespective of cortical cellular and/or laminar structures. It is also suggested that more fine control of cortical target ablation by use of radiation technology will shed a light on the molecular and cellular mechanism of cortical plasticity during development. Neurons of cathepsin D-deficient (CD-/-) mice, a murine model for neuronal ceroid lipofuscinoses (NCLs), possess abundant autophagosomes and granular osmiophilic deposits (GRODs), the morphological hallmark of NCLs. Moreover, GRODs are often found in nascent autophagosomes, indicating that the GROD is a potent inducer of autophagy in neuronal cells. In fact, using immunohistochemistry for LC3, ubiquitin, and p62 that can interact with both ubiquitin and LC3, we further confirmed that ubiquitin and p62 are co-localized on the membrane of GRODs, while these three molecules are present in the same granules of the neurons. In the double knockout mice lacking cathepsin D and Atg7 specifically in CNS tissue, although GRODs still existed in the neuronal perikarya, suggesting that GRODs are generated via unknown intracellular routes to lysosomes other than autophagy. Moreover, instead of being enwrapped by smooth double membranes, GRODs were frequently surrounded by accumulated profiles of rough ER, while such structures gathered in certain perikaryal areas, forming cytosolic aggregates. On the other hand, no clear-cut difference was detected in the neuropathological phenotypes between CD-/-mice and double knockout mice lacking cathepsin D and p62. In fact we found that Nbr1, which has been shown to interact both ubiquitin and p62, also localize on the surface of GRODs together with p62 in CD-/-mice. These data Department of Radiation Oncology, Gunma University Graduate School of Medicine, Maebashi, Japan
Newly-generated neurons in adult brain have pivotal roles in higher brain function. It has been reported that generation of these neurons is sensitive to low dose of x-irradiation. Even in the newly-generated neurons, the radiosensitivity might decrease after cessation of neuronal migration. In the present study, we examined the radiosensitivity of newly-generated neurons in the state of migration and maturation in the Because DE-positive cell bodies and processes were greatly reduced, the ablated cells in irradiated side could be migrating neurons which have DE in their cell bodies. Therefore, the migrating neurons are more sensitive to x-irradiation in compared with maturating postmigratory neurons.
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The RBE of carbon beams on growing neurons; Approach using growth cone collapse assay Purpose: Recently carbon-ion beams have been reported to be a remarkably effective for controlling various cancers with less toxicity and thought to be a promising modality for cancer treatment. However, the biological effect of carbon-ion beams arising on normal neuron remains unknown. Therefore, this study was undertaken to investigate the effect of carbon-ion beams on neurons by using both morphological and functional assays. Results: Irradiation caused GCC and neurite destruction on a time-and irradiation dose-dependent manner. Changes in morphological characteristics were similar following either irradiation.
Materials and Methods
Morphological and functional assays showed that day-8 neurons were more radio-sensitive than day-16 neurons, whereas, radio-sensitivity of DRG was comparable to that of SYMP. The dose-response fitting curve utilizing both GCC and TUNEL labeling index showed higher relative biological effectiveness , microarrays (Agilent Expression Array for mice) were used to measure expression levels of whole genes in olfactory bulb compared with those of cerebellum.
RESULTS: Pax6
Sey-3H mice did not develop Harderian gland tumors by the gamma-irradiation. They showed severe malformation of olfactory bulb and eyes. Expression of several genes adjacent to the Pax6 were suppressed in RNA levels.
CONCLUSION:
The new finding on down-regulation of Pkr2 and Neurod1 in Pax6 Sey-3H mice detected by the RNA microarray analysis suggests that any molecular mechanism to influence on the expression of adjacent genes on the same chromosome should be coordinated for development of olfactory bulb, eye and Harderian glands. 
Materials & Methods:
An ependymoblastoma with wild-type (wt) p53, a primitive neuroectodermal tumor with wt p53, and a glioblastoma (GB) with mutant-type (mt) p53, were transplanted into nude mice subcutaneously, and irradiated with carbon ion beams (290MeV/u, 6 cm spread-out Bragg peak, NIRS) or 200kV X-rays. These tumors were excised 4, 6, or 24 hours (h) after 2Gy irradiation. GB was also examined 6 h after 2, 8, or 16Gy irradiation. Total RNA was extracted for GeneChip expression microarray analysis. Hierarchical clustering, gene ontology analysis, and pathway analysis were also performed.
Results:
Tumors with wt p53 showed significant changes in gene expression following 2Gy irradiation and most profiles by carbon ion and X-rays were similar. GB with mt p53 showed little change after 2Gy; however, significant changes in gene expression were induced by 8Gy or 16Gy, and the profiles by carbon ion were significantly different from those by X-ray.
Conclusion:
High-dose carbon ion beams and X-rays induced different gene expression profiles in human glioblstoma with mt p53. Materials/Methods: Clonogenic survival assay was performed to investigate the effect of radiation on colony-forming ability in established cell lines (U87, LN18, and LN229) and primary cell lines (VC3 and MGH8). HIF-1α and PDK1 expressions were analyzed by using Western blotting after irradiation. We used two HIF-1α blockade strategies: stable knockdown cell lines of HIF-1α using lentivirus-based sh-RNA and YC-1, a novel HIF-1α inhibitor. These blockade treatments were evaluated by clonogenic survival assay, MTS assay, and apoptotic proteins, such as cleaved caspase-3 and cleaved PARP.
CM-H 2 DCFDA was used to measure ROS levels.
Results: Clonogenic survival assay showed that U87 and LN18 were more radioresistant than VC3, MGH8, and LN229. Radiation-induced HIF-1α was detected in radioresistant cells, but not in radiosensitive cells. Knockdown of HIF-1α decreased cell proliferation in clonogenic survival assay.
YC-1 decreased the radiation-induced HIF-1α and decreased cell viability in MTS assay. These HIF-1α blockades treatments increased cleaved caspase-3 and cleaved PARP expression after irradiation. PDK1
was increased only in radioresistant cells that have radiation-induced HIF-1α. Knockdown of HIF-1α decreased PDK1 expressions and increased ROS levels after irradiation.
Conclusions:
We demonstrated that radiation-induced HIF-1α increases PDK1 expression and decreases ROS productions, resulting in prevention of apoptosis after irradiation. 
